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Abstract
Rare heavy-ﬂavour decays are an ideal place to search for the eﬀects of potential new particles that modify the
decay rates or the Lorentz structure of the decay vertices. Recent results on Flavour Changing Neutral Current decays
from the LHC are reviewed. An emphasis is put on the very rare decay B0s → μ+μ−, which was recently observed by
the CMS and LHCb experiments, on a recent test of lepton universality in loop processes and on the analysis of the
angular distributions of the B0→ K∗0μ+μ− decays, both by the LHCb collaboration.
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1. Introduction
Flavour changing neutral current (FCNC) processes
are forbidden at tree level in the Standard Model (SM),
but can proceed via loop level electroweak penguin or
box diagrams. In extensions to the SM, new virtual
particles can enter in these loop level diagrams, mod-
ifying the decay rate or Lorentz structure of the decay
vertex. Possible deviations from the SM predictions of
these observables could lead to the discovery of yet un-
known phenomena. The search for these deviations is a
complementary approach to direct searches at general-
purpose detectors and can give sensitivity to new parti-
cles at higher mass scales than those accessible directly.
This article reviews some of the most sensitive probes
for possible extensions of the Standard Model that were
measured at the LHC. Most measurements use the com-
plete run 1 dataset, of pp–collisions at
√
s = 7 TeV col-
lected in 2011 and at
√
s = 8 TeV collected in 2012.
The ﬁrst part of the article discusses the very rare
leptonic decays1 B0s,d → μ+μ−, followed by rare elec-
troweak penguin transitions of the type b → sμ+μ−,
which allow stringent tests of the Lorentz structure of
1In this proceedings, the inclusion of charge conjugate states are
implicit, unless otherwise stated.
the electroweak penguin processes and a discussion of
a recent measurement of the photon polarisation. The
article closes with a test of lepton universality in B+ →
K++− decays.
2. Leptonic decays
Precise measurements of the branching fractions of
the two Flavour Changing Neutral Current (FCNC) de-
cays B0s → μ+μ− and B0 → μ+μ− belong to the most
important measurements of the ﬁeld of ﬂavour physics.
Enhancements of the branching fractions of these de-
cays are predicted in a variety of diﬀerent extensions of
the Standard Model, an overview is given in Ref. [1].
In one popular example, the Minimal Supersymmetric
Standard Model (MSSM), the enhancement is propor-
tional to tan6 β, where tan β is the ratio of the vacuum
expectation values of the two Higgs ﬁelds. For large
values of tan β, this search belongs to the most sensitive
probes for physics beyond the SM which can be per-
formed at collider experiments.
The B0s→ μ+μ− and B0→ μ+μ− decays are strongly
suppressed by loop and helicity factors, making the SM
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branching fractions small [2]
B(B0s→ μ+μ−) = (3.66 ± 0.23) × 10−9 , (1)
B(B0→ μ+μ−) = (1.06 ± 0.09) × 10−10 , (2)
where the branching fraction of the B0s decay is eval-
uated as average over all decay times, see Refs. [3, 4]
for a detailed discussion. Before the start of the LHC
data taking, there was a large gap between this theo-
retical prediction and the best experimental constraints,
provided by the Tevatron experiments [5, 6].
In 2012, the LHCb collaboration reported the ﬁrst
evidence for the rare decay B0s → μ+μ− using a total
dataset of 2 fb−1 [7]. In 2013, both the LHCb and CMS
collaborations updated their analyses to the full run 1
dataset, corresponding to about 3 fb−1 for LHCb and
25 fb−1 for CMS. Both collaborations reported an evi-
dence of the decay B0s → μ+μ− with a signiﬁcance of
about four standard deviations [8, 9]. No signiﬁcant ev-
idence of the decay B0→ μ+μ− was found by either ex-
periment. Figure 1 shows the signal candidates selected
by the CMS collaboration and Fig. 2 the candidates se-
lected by the LHCb collaboration.
A naı¨ve combination of the results [10] yields an ob-
servation of the rare decay B0s → μ+μ− with a signiﬁ-
cance exceeding ﬁve standard deviations and measured
branching fractions of
B(B0s→ μ+μ−) = (2.9 ± 0.7) × 10−9 , (3)
B(B0→ μ+μ−) = (3.6+1.6−1.4) × 10−10 . (4)
These measurements are compatible with the SM ex-
pectation. A full combination of the likelihoods of the
CMS and LHCb measurements is in preparation.
Future updates on the analyses of B0s,d → μ+μ− with
more statistics and improved analysis techniques are of
great interest. Main objectives are to reduce the uncer-
tainty on the branching fraction of B0s→ μ+μ−, to search
for the decay B0→ μ+μ− and to test the SM prediction
for the eﬀective lifetime of B0s → μ+μ−, which oﬀers a
theoretically clean probe for New Physics searches that
is complementary to the branching ratio [4].
3. Decay rates and angular observables of semilep-
tonic b → sμ+μ− decays
New physics can also be searched for in semilep-
tonic b → sμ+μ− transitions, which oﬀer a wealth of
asymmetries and angular observables that can be stud-
ied as functions of the dimuon invariant mass squared,
q2. Several of these observables have been shown to
have reduced theoretical uncertainties. Isospin and CP
asymmetries, for example, provide powerful tests of the
validity of the Standard Model because the form-factor
uncertainties cancel.
The isospin asymmetry of the decays B→ K(∗)μ+μ−,
AI , is deﬁned as
AI =
B(B0→ K(∗)0μ+μ−) − τ0
τ+
B(B+→ K(∗)+μ+μ−)
B(B0→ K(∗)0μ+μ−) + τ0
τ+
B(B+→ K(∗)+μ+μ−) ,
(5)
where τ0,+ is the lifetime of the B0 and B+ meson, re-
spectively. Evidence of a non-vanishing value of AI [11]
has not been conﬁrmed in an update with larger statis-
tics [12]. All CP asymmetries measured so far in these
decays are consistent with zero [13, 14, 15], as predicted
by the SM.
3.1. Angular analysis of B0→ K∗0μ+μ−
The decay B0→ K∗0μ+μ− has a branching fraction of
B(B0→ K∗0μ+μ−) = (1.05+0.16−0.13) × 10−6 [16]. The decay
has a rich angular structure that allows sensitive tests for
physics beyond the Standard Model [17, 18], it can be
written in three decay angles, θ, θK and φ, following
the notation of Ref. [18],
d4Γ
d cos θd cos θKdφdq2
(6)
=
9
32π
∑
i
Ji(q2) fi(cos θ, cos θK , φ) ,
where θ is deﬁned as the angle between the μ+ and
the B0 in the dimuon rest frame, θk as angle between
the kaon and the B0 in K∗0 rest frame and φ as angle
between the plane spanned by the dimuon system and
the K∗0 decay plane. The diﬀerent angular terms Ji are
sensitive to diﬀerent K∗0 polarization states and provide
complementary information to the contribution of po-
tential new particles.
The ATLAS [19], CMS [20] and LHCb [21] colla-
boration have published measurements of these angular
distributions using the data collected in 2011. The num-
ber of candidates is for all three collaborations not suf-
ﬁcient to ﬁt the complete angular distribution, so only
a simpliﬁed distribution is ﬁtted. Figure 3 shows the
measurements of the fraction of longitudinal polarisa-
tion, FL, of the K∗0 produced in B0→ K∗0μ+μ− decays
as well as the forward-backward asymmetry, AFB. All
measurements are consistent with the SM prediction.
It is possible to construct observables in the decay an-
gles of B0→ K∗0μ+μ− such that the form factor uncer-
tainties cancel at leading order [22]. Two such observ-
ables are reported in Ref [23], P′4 and P
′
5. The result of
this measurement is shown in Fig. 4. A large discrep-
ancy with a local signiﬁcance of 3.7 standard deviations
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Figure 1: Plots illustrating the combination of all categories used in the categorized-BDT method (left) and the 1D-BDT method (right). For these
plots, the individual categories are weighted with S/(S + B), where S (B) is the signal (background) determined at the B0s peak position. The overall
normalization is set such that the ﬁtted B0s signal corresponds to the total yield of the individual contributions. These distributions are for illustrative
purposes only and were not used in obtaining the ﬁnal results.
]2c [MeV/
−μ+μm
5000 5500
)2 c
Ca
nd
id
at
es
 / 
(44
 M
eV
/
0
2
4
6
8
10
12
14
16
LHCb
BDT>0.7
-13 fb
Figure 2: Invariant mass distribution of the selected B0s,d → μ+μ− candidates (black dots) with BDT > 0.7. The result of the ﬁt is overlaid (blue
solid line) and the diﬀerent components detailed: B0s → μ+μ− (red long dashed line), B0 → μ+μ− (green medium dashed line), combinatorial
background (blue medium dashed line), B0(s) → h+h′− (magenta dotted line), B0 → π−μ+νμ (black) and B0(+) → π0(+)μ+μ− (light blue dot- dashed
line), B0 → π−μ+νμ and B0s → K−μ+νμ (black dot-dashed line).
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is found in the q2 range of 4.3 < q2 < 8.68GeV2/c4
for the observable P′5. Several attempts have been made
to understand this discrepancy, both in terms of New
Physics models [24, 25, 26, 27, 28, 29, 30] and in terms
of a better understanding of the form factor or cc¯ con-
tribution to the decays [31, 32]. The data seems best to
be described by reducing the SM vector current contri-
bution. The analysis of the full datasets collected so far
by the LHCb, CMS and ATLAS experiments will help
to resolve the nature of this discrepancy.
3.2. Branching fractions of b→ sμ+μ− decays
Any deviation seen in the angular observables of the
B0 → K∗0μ+μ− decay will impact similar b → sμ+μ−
decays. In particular, the deviation discussed in the pre-
vious section would imply a destructive interference and
thus reduced decay rates.
The LHCb collaboration has measured the diﬀer-
ential branching fractions of B0 → K∗0μ+μ−, B+ →
K∗0μ+μ−, B0 → K0μ+μ− and B+ → K+μ+μ− de-
cays [21, 12]. All these measurements are below the
SM prediction, Fig. 5 shows the diﬀerential branching
fraction measurements of the decays B0→ K∗0μ+μ− and
B+ → K+μ+μ− as an example. However, accounting for
the signiﬁcant uncertainties in the B → K(∗) form fac-
tors, all measurements are consistent with the SM pre-
diction. More data and reduced form factor uncertain-
ties will help to resolve if these anomalies are ﬁrst hints
for new eﬀects or only statistical ﬂuctuations.
4. Photon polarisation
Transitions of the type b → sγ oﬀer an excellent test
bench for the photon polarization, which is in the SM
governed by the coupling to the W± boson and thus pre-
dicted to be almost entirely left polarised. The right
handed component is proportional to m2s/m
2
b, making
it vanishingly small. This prediction can, however, be
modiﬁed by QCD corrections. In many extensions of
the SM, the photon is diﬀerently polarised, making the
photon polarization a sensitive test for new phenomena.
The photon polarization is experimentally accessible in
B+ → K+π−π+γ decays [36], where the photon direc-
tion with respect to the K+π+π− system is measured.
The up-down asymmetry of the photon is then propor-
tional to the photon polarization.
The LHCb collaboration performed a ﬁrst measure-
ment of the photon polarization in B+ → K+π−π+γ de-
cays, using the full run 1 dataset corresponding to 3 fb−1
of data [37]. The complete dataset contains 13876±153
signal candidates. To separate diﬀerent resonant contri-
butions, the dataset is split into four regions of K+π+π−
invariant mass, as shown in Fig. 6.
Figure 6 (right) shown the measured up-down asym-
metry in the four regions of interest in K+π+π− invariant
mass. The combined signiﬁcance of all bins of the pho-
ton polarization to be diﬀerent from zero is 5.2 standard
deviations, which makes this measurement the ﬁrst ob-
servation of photon polarization in radiative b-hadron
decays. The interpretation of this measurement in terms
of SM photon polarization is highly non-trivial, as the
current understanding of the hadronic K+π+π− system
is limited. The resonant structure in the K+π+π− invari-
ant mass needs to be understood experimentally. Also
theoretically, the conversion of the measured asymme-
try into photon polarization needs more detailed studies.
5. Lepton universality
Decays of the type B+ → K++− can be used to test
the universal couplings of leptons in loop processes. By
forming appropriate ratios, the form factor uncertainty
in the SM prediction cancels, giving a very clean probe
for new phenomena. An example is the ratio
RK =
∫ q2max
q2min
dΓ[B+ → K+μ+μ−]
dq2
dq2
∫ q2max
q2min
dΓ[B+ → K+e+e−]
dq2
dq2
, (7)
where the dilepton mass range 1 < q2 < 6GeV2/c4
is theoretically preferred. This ratio is very well pre-
dicted in the SM and its numerical value is very close
to unity [38], receiving small phase space and radiative
corrections of the order O(10−3). A measurement of this
ratio RK is a stringent test of new phenomena occurring
in loop processes that couple diﬀerently to the diﬀerent
lepton ﬂavours.
Previous measurements of RK at the B-factories have
measured a value consistent with unity, with an accu-
racy of 20%. BaBar has measured RK [39] in two bins
of q2, quoting a value of RK = 0.74+0.40−0.31 ± 0.06 in the
range of dilepton mass squared of q2, 0.10 < q2 <
8.12GeV2/c4. Belle gives a single value across the full
allowed q2 range [40], which is consistent with unity.
The LHCb experiment has recently produced the
most precise measurement of RK to date [41], using the
full run 1 dataset. The measurement of RK is performed
in a double ratio of the FCNC decays to the dominant
B− → J/ψK− decay modes, to cancel uncertainties of
the particle identiﬁcation and trigger at ﬁrst order. Fur-
thermore, the data is split into three categories depend-
ing if the electron, the K+ or rest of the event triggered
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Figure 3: (left) Fraction of longitudinal polarisation, FL, of the K∗0 produced in B0→ K∗0μ+μ− decays. (right) The forward-backward asymmetry,
AFB. The datasets are collected by the ATLAS [19], CMS [20] and LHCb [21] collaborations. The SM prediction based on Ref. [33] and references
therein is overlaid.
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Figure 4: Observables with reduced form factor uncertainties, P′4 and P
′
5, measured by the LHCb collaboration [23] in B
0→ K∗0μ+μ− decays. The
SM prediction, taken from Ref [22] is overlaid.
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Figure 5: (left) Diﬀerential branching fraction of the decay B0 → K∗0μ+μ− measured by the CMS [20] and LHCb [21] collaborations. (right)
Diﬀerential branching fraction of the decay B+ → K+μ+μ− measured by the LHCb [12] collaboration. The SM prediction, taken from Refs. [33,
34], are overlaid. A prediction for the diﬀerential branching fraction of the B+ → K+μ+μ− decay using form-factors form the lattice [35] are also
shown.
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Figure 6: (left) Background-subtracted K+π+π− mass distribution of the B+ → K+π−π+γ signal. The four intervals of interest, separated by dashed
lines, are shown. (right) Up-down asymmetry of the photon with respect ot the K+π+π− system in the four intervals of interest in K+π+π− mass.
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Figure 7: Mass distributions with ﬁt projections overlaid of selected B− → J/ψ(e+e−)K− candidates triggered in the hardware trigger by (a) one of
the two electrons, (b) by the K+, and (c) by other particles in the event. Mass distributions with ﬁt projections overlaid of selected B+ → K+e+e−
candidates in the same categories, triggered by (d) one of the two electrons, (e) the K+, and (f) by other particles in the event. The total ﬁt model is
shown in black, the combinatorial background component is indicated by the dark shaded region and the background from partially reconstructed
b -hadron decays by the light shaded region.
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the event. The reconstructed invariant mass distribu-
tions of the measured candidates for both resonant and
FCNC modes for the three trigger categories are shown
in Fig. 7.
The measurement is restricted to the theoretically
favoured region, 1 < q2 < 6GeV2/c4, and RK is found
to be
RK = 0.745+0.090−0.074(stat) ± 0.036(syst) , (8)
which is consistent with the SM at a level of 2.6 standard
deviations. The suppression of the value of RK at low
values of q2 measured at both the BaBar and the LHCb
experiments might hint at an interesting eﬀect, but more
data needs to be analysed to make deﬁnite statements.
Also potential correlations with the anomalies described
in Sec. 3 will be clariﬁed with more experimental data.
6. Conclusion
Most scenarios of physics beyond the Standard
Model of particle physics predict measurable eﬀects
in the ﬂavour sector, in particular in rare meson de-
cays. The large data samples collected from high-
energy pp collisions during Run I of the Large Hadron
Collider have allowed very stringent tests of these ef-
fects. All results found so far are consistent with Stan-
dard Model predictions, although several hints of dis-
crepancies start to occur, albeit with limited statistical
signiﬁcance. They need to be conﬁrmed with larger
datasets. Since a part of the analyses use only the part
of the LHC data collected in 2011, further progress can
be expected in the near future.
The LHC will soon resume operation and increase the
dataset in run 2. Updates of the analyses with signiﬁ-
cantly improved sensitivity are expected in the coming
year and beyond.
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